Representative photomicrographs of microfluidic chambers filled with Alexa 488 fluorescent dye in the perfusion channel (dendrites, left) or the cell body compartment (right) for 8 hours. Quantification of fluorescence intensity is shown to the right of each image. These data confirm that leakage between the two chambers is minimal or nonexistent (Taylor et al., 2010 , Taylor et al., 2006 . n = 6 devices. (B) Local mGluR5 activity is required for MEF2-induced decreases in dendritic PSD-95 puncta. Quantification of PSD-95 or Synapsin 1 puncta (per µm 2 of GFP+ neurite) from perfusion chamber dendrites following application of MPEP or vehicle to the perfusion channel (i.e., dendrites) of MEF2-VP16-ER tminfected dissociated hippocampal cultures. The cell body compartment was simultaneously treated with vehicle or 4OHT to induce nuclear localization of MEF2-VP16-ER tm , as described for Figure 2 . Data are normalized to the area of the transfection marker GFP. n = 7 microfluidic cultures. (C) Somatic mGluR5 inhibition does not block MEF2-induced decreases in dendritic PSD-95 puncta. Same as Figure S2B , except that MPEP was applied to the cell body compartment. n = 7 microfluidic cultures. All data are shown as mean±SEM. *p<0.05, **p<0.01. tm at similar transfection efficiency (data not shown). All cultures were treated with vehicle (0.1% ethanol) or 1µM 4OHT for 6hr and then processed as described. n = 3 cultures for each genotype. All data are shown as mean±SEM. *p<0.05, **p<0.01. Real-time quantitative RT-PCR for the MEF2-target genes Nurr77 (left) and Arc (right) from wildtype dissociated hippocampal cultures infected with a lentivirus carrying MEF2-VP16-ER tm . Cultures were pretreated with vehicle or MPEP (10 µM) for 20min and then exposed to vehicle (0.1% ethanol) or 1 µM 4OHT for 6hr and then processed as described. n = 8 cultures for each group. (B) The mTORC1 antagonist, rapamycin, does not inhibit MEF2-VP16 induced transcription of Arc mRNA. Real-time quantitative RT-PCR for the MEF2-target gene Arc from wildtype dissociated hippocampal cultures virally transfected with MEF2-VP16-ER tm . Cultures were pre-treated with vehicle (ddH 2 O) or rapamycin (20 nM) approximately 20min prior to a 6 hour treatment with vehicle (0.1% ethanol) or 1 µM 4OHT; rapamycin was present for the duration of the experiment. n = 5 cultures. (C) The mTORC1 antagonist, rapamycin, inhibits MEF2-VP16-induced increase in dendritic Arc protein. Representative confocal images of MEF2-VP16-ER tm -infected dissociated wildtype hippocampal neurons immunostained for Arc (red), GFP (transfection marker; green), and MAP2 (dendritic marker; blue). Magnified images of dendrites from red, green and blue channels are shown to the right of each image. Cultures were pre-treated with vehicle or rapamycin (20 nM) and then exposed to vehicle (0.1% ethanol) or 1 µM 4OHT for 6hr, then processed as described. Quantification is shown to the right. n = 30 dendrites/somas for each treatment group. Scale bar = 10µm. All data are shown as mean±SEM. Flavell et al., 2008 , Kawashima et al., 2009 , Tsai et al., 2012 . Arc is transported into dendrites upon induction by activity (Steward et al., 1998) and MEF2 ( Figure 4B ). Arc is present in dendritic RNA granules containing FMRP, hnRNP A2 and other proteins which regulate Arc mRNA transport and translation (Gao et al., 2008 , Zalfa et al., 2003 . Dendritic and synaptic mGluR5 stimulates translation of dendritic Arc mRNA and synapse elimination, in part, through an mTORC1-dependent process (Figures 1, 2 , 4, S4C). Arc likely contributes to synapse elimination by stimulating the endocytosis of surface AMPA receptors (Chowdhury et al., 2006) . Arc functions together with other MEF2 target mRNAs to eliminate synapses ( Figure 3 ). One example is Pcdh10, which stimulates degradation of the synaptic scaffold PSD-95 by associating ubiquitinated (Ub) PSD-95 with the proteasome (PS). Other unknown MEF2 target genes are hypothesized to stimulate association of the ubiquitin E3 ligase, Mdm2, with PSD-95 (Tsai et al., 2012) . mGluR5 KO +4OHT U 71±12 (7) 1.8±0.1
17±1 (13) 2.2±0.7 (13) 
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SUPPLEMENTAL EXPERIMENTAL PROCEDURES
Cell culture and transfection
Wildtype C57Bl/6N, Arc-KO, and mGluR5 floxed (mGluR5 fl/fl ) mice were maintained in onsite breeding colonies; mGluR5 fl/fl have been described (Xu et al., 2009) . Arc-D2EGFP (Arc KO) founder mice were generously provided by Dr. Kuan Hong Wang (NIMH/NIH) and have been described (Wang et al., 2006) .
Hippocampal cultures were prepared from postnatal day (P) 0-1 (dissociated) or 6-7
(organotypic) mice as previously described (Tsai et al., 2012) . Microfluidic cultures were prepared as described in (Taylor et al., 2010) but with neurons only plated on the side with shorter microgrooves. Dissociated hippocampal cultures (obtained from PrimaryBio, www.
primarybio.com) for fluorescence in situ hybridization (FISH) were plated at low-density (25,000 cells/cm 2 ) as described (Dictenberg et al., 2008) .
Organotypic hippocampal slice cultures were transfected at 1DIV (viral) or 3-6 DIV (biolistic). Biolistic transfection and bullet preparation were performed with the Helios Gene Gun system as described in (McAllister, 2004, Pfeiffer and Huber, 2007) . Electrophysiological recordings from transfected cells were performed 4-7 days (viral) or 20-40 hr (biolistic) after transfection. pcDNA1-MEF2-VP16, and MRE-GFP constructs have been described previously (Pfeiffer et al., 2010 , Flavell et al., 2006 . FUGW-MEF2-VP16-ER tm , which co-expresses GFP from an IRES, was a gift from Dr. Christopher Cowan (McLean Hospital, Harvard) and is described in (Flavell et al., 2008) . MRE-mCherry was made by inserting an mCherry fragment (NcoI/BsrGI digestion) to replace the GFP fragment (also NcoI/BsrGI digestion) in MRE-GFP. 
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Ti45; 85000 x g at 4°C for 2 hr) and stored for up to 1 month at -80°C. To infect organotypic slice cultures, viral aliquots (5μL) were diluted with slice culture media (10μL; 1:3 dilution by volume) and then a single, 1 μL droplet was applied to the CA1 region or each slice. Four to six days later, virally transfected organotypic hippocampal slice cultures had anywhere from 0.1 -1% infected neurons as estimated by GFP fluorescence, with variation between batch preparations.
Dissociated hippocampal cultures grown in standard wells or microfluidic devices were virally transfected with MEF2-VP16-ER tm at 7DIV (fluorescence in situ hybridization) or 10-12DIV (immunocytochemistry or Western blot); drug treatments are described below.
Transfection efficiency was similar between cultures as assessed by quantitative real-time RT-PCR for VP16 (data not shown).
Acute slice preparation
Acute hippocampal slices were prepared from p14-p20 WT or mGluR5 fl/fl mice that received an intracerebroventricular injection of AAV-CRE-GFP at gestational age e15 and is detailed below. As described (Jakkamsetti et al., 2013), animals were anesthetized with a mixture of ketamine (125 mg/kg) and xylazine (75 mg/kg) injected i.p., and then decapitated.
The hippocampus and overlying cortex were dissected in ice-cold buffer containing (in mM): 2.6
KCl, 1.25 NaH 2 PO 4 , 26 NaHCO 3 , 0.5 CaCl 2 , 5 MgCl 2 , 1.5 kynurenic acid, 212 sucrose, 10 dextrose and aerated with 95%O 2 /5%CO 2 . In some cases, animals were transcardially perfused with ice-cold dissection buffer prior to decapitation. Transverse, 400m-thick hippocampal slices were cut using a Leica vibratome (VT1200S), re-sectioned to remove the CA3 region, then placed for 30 min in warmed (35°C) artificial cerebrospinal fluid (aCSF) containing (in mM): 119 NaCl, 2.5 KCl, 26 NaHCO 3 , 1 NaH 2 PO 4 , 11 D-Glucose, 4 CaCl 2 , 4 MgCl 2 ; pH 7.28, 310 mOsm and saturated with 95% O 2 /5%CO 2 . Slices recovered an additional 30 min at room temperature; patch clamp recordings were obtained 0.5 -5hr after recovery was complete.
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All indicated drugs were purchased from either Sigma-Aldrich or Tocris and prepared fresh weekly.
In Figures 1A & 1B For Figure 3A , organotypic slice cultures from WT and Arc KO littermates were virally transfected at DIV1 with a lentivirus coexpressing MEF2-VP16-ER tm and GFP for 3-6d, then 
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Immunocytochemistry and Western blotting
Immunocytochemistry was performed as described (Tsai et al., 2012) . In brief, dissociated hippocampal neurons were fixed at DIV 15-16 with ice-cold buffer (4% paraformaldehyde and 5% sucrose in PBS) for 15 min followed by permeabilization with 0.5%
Triton X-100 in PBS. After blocking (1% BSA in PBS) for 30 min, primary antibodies (anti-Arc, Synaptic Systems; anti-Synapsin 1, Abcam; anti-GFP, AVES; anti-MAP2, Chemicon) were diluted 1:200 in blocking buffer and applied to the fixed cells overnight at 4°C. After washing three times with PBS, fluorescence-conjugated secondary antibodies (Invitrogen) were applied to the cells at room temperature for 4 hours. After additionally washing the cells three times with PBS, the coverslips were mounted and imaged on Zeiss LSM 510 Confocal Microscope using a 63X 1.40 n.a. Oil objective lens. For microfluidic chamber culture, all procedures were performed by using a 3 ml syringe connected to tubing with a 200 µl tip to remove fluid from the outlet of perfusion channel. Quantification of fluorescence intensity was performed using
MetaMorph software (Molecular Devices). The co-clusters obtained from overlapping of PSD-95
and Synapsin 1 immunostained signals were obtained and analyzed as previously described (Flavell et al., 2006) . Statistical significance between groups was determined with a two-way ANOVA and Bonferroni post hoc multiple comparison test.
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Western blotting was carried out as described (Tsai et al., 2012) with the following primary antibodies: anti-Nurr77 (Abcam), anti-Arc (SYnaptic SYstems) and anti-Actin (Abcam).
All experiments were performed on a minimum of three independent cultures.
Fluorescence in situ hybridization (FISH)
Low-density hippocampal cultures (obtained from PrimaryBio,http://www.primarybio.com/) were infected with MEF2-VP16-ER tm at DIV7 and treated five days later with vehicle (0.1% ethanol, control) or 1 M tamoxifen (4OHT) for 6 hours, then fixed and processed for MAP2 immunofluorescence followed by FISH for Arc mRNA. Based on the protocol described (Bassell et al., 1998 , Dictenberg et al., 2008 , DNAsis and Oligo 6 were used to design FISH probes against mouse Arc mRNA. A mixture of 4 probes was used, each of which were checked individually by in situ and with BLAST for specificity.
Specific probe sequences have been described in Dictenberg et al. 2008 . All probes were made on a DNA synthesizer and directly labeled with Cy3 as described (Shav-Tal et al., 2004) . Prior to FISH, MAP2 was stained using mouse anti-MAP2 (clone HM2, Sigma) at 1:1000 in PBS-T (PBS with 0.1% triton x-100 and 0.1% BSA) for 1 hour, followed by anti-mouse secondary labeled with Alexa488 at 1:750 in PBS-T for 15 minutes. In situ hybridizations were then performed as described (Antar et al., 2004) ; sense or scrambled probes were used as negative controls. Coverslips were washed 10 times with PBS before mounting with ProLong anti-fade (Life Technologies). All images were captured using NIS-elements Software (Nikon) with 0.2 μm Z-step, 21 steps total in three-dimensions on a Nikon ECLIPSE TE200-U inverted fluorescence microscope with a 60X 1.40 n.a. Oil Plan Apo VC lens. Images were blind deconvolved using AutoQuantX3 (BitPlane, Inc.) and restored images were analyzed with NIS-elements in 3D.
Fluorescence quantification of dendrites was performed blind by capturing MAP2-positive
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dendrites for the indicated experimental conditions and defining a region of interest (ROI); the total fluorescence was then acquired, background-subtracted, and normalized by length. One to 3 dendrites were randomly analyzed from secondary or tertiary dendrites; dendrites were at least 20 µm away from the soma. A total of eighty and ninety dendrites from four independent cultures were analyzed for control and 4OHT-treated cultures, respectively. Data were statistically compared with a student's t-test.
Live imaging of MRE-GFP as a measure of MEF2 activity
Organotypic slice cultures underwent pharmacological treatment and biolistic transfection with constructs as indicated in the text. Sixteen to 24 hr post-transfection, slice cultures were placed in an immersion chamber filled with warm Tyrode's solution containing (in mM): 150 NaCl, 4 KCl, 4
CaCl 2 , 2 MgCl 2 , 10 glucose, 10 HEPES. Stacked images (1024x1024 pixel resolution, x=y=0.22m, z=2m, 10 steps) were acquired using a Plan-Neofluar 40X/1.3 oil immersion objective mounted on a Zeiss LSM 510 inverted confocal microscope; a single image taken through the center of the cell soma was selected for analysis. Quantification of green (MRE-GFP) and red (mCherry) somal fluorescence was performed using ImageJ software as previously described (Pfeiffer et al., 2010 , Pulipparacharuvil et al., 2008 . Neurons were considered GFP positive if somal fluorescence was greater than 5 times the background. Two to three independent slice cultures (litters) were used in each imaging study. Statistical significance between groups was determined with a two-factor ANOVA (factor 1=MEF2 activation, factor 2=drug treatment) with Bonferroni post hoc comparison test ( Figure S1A , S1B) or a t-test ( Figure   S1E , S1F).
Real-time quantitative RT-PCR
A minimum of two to three independent dissociated hippocampal cultures were virally transfected with a lentivirus coexpressing MEF2-VP16-ER tm and GFP as specified above and Supplemental Figures and Experimental Procedures treated as described above. RNA was extracted with TRIzol reagent (Invitrogen) as previously described (Pfeiffer et al., 2010 was determined with one-sample t-test and a Bonferroni correction for multiple comparisons.
mGluR5 deletion in vivo
Previous studies demonstrate that viral vectors injected into the lateral ventricles of developing embryos can be used to transfect hippocampal neurons (Stott and Kirik, 2006) . For our experiments, we modified a protocol used for in utero electroporation (Saito, 2006) , whereby an adeno-associated virus carrying a GFP-tagged Cre replaced the plasmid DNA and the application of electrical current was omitted. Wildtype or mGluR5 fl/fl females pregnant with embryos estimated to be at gestational age e15 were initially anesthetized with 3% isoflurane in a chamber ventilated with 100%O 2 , then moved to a heating pad set to 35°C, where anesthesia was maintained via nose-cone (1.5% isoflurane in 100%O 2 ). Dams received a pre-surgical dose of bupenorphrine (0.1mg/kg; i.p.) and Baytril (2.5mg/kg; i.p.) prior to surgical incision. Utilizing sterile technique, the gravid uterus was isolated; embryos received an injection of AAV-Cre-GFP (AAV2/9; 2X10 12 IU/ml; University of Pennsylvania Vector Core) through the uterine wall
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into one of the lateral ventricles with a fine-tipped glass pipette and a pressurized line from a remotely controlled picospritzer (volume = 0.5μL/embryo). The uterus was then placed back into the abdominal cavity and the overlying muscle and skin was sewn closed. The following day, an additional dose of bupenorphrine was administered (0.1mg/kg; i.p.). Dams were monitored daily until litter delivery.
Viral transfection efficiency was visually assessed on the day of electrophysiological measurements (p14-p20). As expected, neurons in both hippocampi and the overlying cortex were transfected with Cre-GFP. In the hippocampus, ~0.1 -1% of neurons were transfected, with the hemisphere receiving the direct ventricle injection having a higher number of infected neurons relative to the hemisphere contralateral to the injection.
